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(54) Correction curve generating method, image processing method, image display unit and 
storage medium 



(57) It is intended to provided an image processing 
method, an image display unit, and a storage medium, 
capable of effecting an appropriate color reproduction 
even under a change in color of external illumination. 

In an image display unit according to the present 
invention wherein a desired image processing is applied 
to inputted image data and thereafter the image data is 
displayed, an output characteristic for each component 
in the image display unit and color components ratios of 
a predetermined external illumination are measured by 
a measuring means. Then, there is generated a correc- 
tion curve for correcting the said output characteristic so 
as to eliminate a difference in the measured color com- 
ponents ratios of the external illumination, and on the 
basis of the generated correction curve there is per- 
formed an image processing for the inputted image da- 
ta. 
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Description 

Background of Invention 

1 . Field of Invention 

[0001] The present invention relates to a correction curve generating method, an image display unit, an image 
processing method, and a storage medium, in which a change of a working environment is corrected to adjust the 
visibility output image. 

2. Description of the related Art 



[0002] In case of using an image display unit such as a projector, it is important that an image intended by a producer 
be reproducible even if an external environment such as illumination in a room or a screen changes. As such a way 

is of thinking of adjusting the visibility of image there is known a way of thinking called color management in which input 
and output characteristics of a device are managed to reproduce color. But a concrete color management method 
taking changes of a working environment into account has not been made clear. Particularly, as a change of environment 
it is necessary that the case where the color of an external illumination changes be taken into account, or else it would 
be difficult to make an appropriate color reproduction. For example, even in case of displaying the same white, the 

20 displayed white may look somewhat yellowish, depending on the color of an external illumination. 

Summary of Invention 

[0003] The present invention has been accomplished for solving the above-mentioned problem and it is an object 
25 of the invention to provide a correction curve generating method, an image processing method, an image display unit, 
and a storage medium, capable of making an appropriate color reproduction even with a change in color of an external 
illumination. 

[0004] According to the present invention as described in claim 1 , a method for generating a correction curve for 
correcting image data inputted to an image display unit, including: a measuring step of measuring color components 
30 ratios of a predetermined external illumination; and a correction curve generating step of generating a correction curve 
which corrects input image data so as to eliminate a difference in the measured color components ratios of the external 
illumination. 

[0005] According to the thus constructed method for generating a correction curve for correcting image data inputted 
to an image display unit, color components ratios of a predetermined external illumination are measured by a measuring 

35 step of measuring. Therefore, a correction curve which corrects input image data is generated by a correction curve 
generating step so as to eliminate a difference in the measured color components ratios of the external illumination. 
[0006] The present invention as described in claim 2 is an image processing method for image data inputted to an 
image display unit, wherein the inputted image data is corrected by using a correction curve which eliminates a differ- 
ence in color components ratios of a predetermined external illumination, and wherein the difference in color compo- 

40 nents ratios of the predetermined external illumination is eliminated by offsetting the difference. 

[0007] According to the present invention as described in claim 3, the image processing method according to claim 
2, uses a plurality of correction curves for each of plural external illuminations different in color components ratios. 
[0008] The present invention as described in claim 4, is the image processing method according to claim 2 or 3, 
wherein the amount of the offset is determined by subtracting each color component from an average of color compo- 

45 nents. 

[0009] The present invention as described in claim 5, is the image processing method according to any one of claims 
2 to 4, wherein the amount of the offset is adjustable. 

[001 0] The present invention as described in claim 6, is the image processing method according to any one of claims 

2 to 5, wherein the correction curve is subjected to a rounding process. 

50 [001 1] The present invention as described in claim 7, is the image processing method according to claim 6, wherein 
the degree of the rounding process is adjustable. 

[0012] The present invention as described in claim 8, is the image processing method according to any one of claim 

3 to 7, including a selection step of selecting one correction curve from a plurality of generated correction curves on 
the basis of color components ratios of the predetermined external illumination, and wherein an image processing is 

55 performed for input image data on the basis of the selected correction curve. 

[0013] According to the present invention as described in claim 9, the image processing method according to claim 

8, further includes a step of inputting color components ratios of the external illumination in the selection step. 

[001 4] According to the present invention as described in claim 1 0, the image processing method according to claim 
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8, further includes a step of measuring color components ratios of the external illumination in the selection step. 
[0015] The present invention as described in claim 11 , is an image display unit for performing an processing for an 
inputted image data, wherein the inputted image data is corrected by using a correction curve which eliminates a 
difference in color components ratios of a predetermined external illumination, and wherein the difference in color 

5 components ratios of the predetermined external illumination is eliminated by offsetting the difference. 

[0016] The present invention as described in claim 12, an image display unit for performing an image processing for 
an inputted image data, wherein the image display unit performs the image processing for the inputted data based on 
a correction curve, which is sequentially generated by sequentially repeating a method for generating the correction 
curve including: a measuring step of measuring color components ratios of a predetermined external illumination; and 

io a correction curve generating step of generating a correction curve which corrects input image data so as to eliminate 
a difference in the measured color components ratios of the external illumination. 

[0017] According to the present invention as described in claim 13, the image display unit according to claim 11, 
uses a plurality of correction curves for each of plural external illuminations different in color components ratios. 
[0018] According to the present invention as described in claim 14, an image display unit for performing an image 

*5 processing for an inputted image data, includes a storage unit for storing a plurality of correction curves, which are 
generated by repeating a method for generating the correction curve, with respect to each of plural external illuminations 
different in color components ratios, including: a measuring step of measuring color components ratios of a predeter- 
mined external illumination; and a correction curve generating step of generating a correction curve which corrects 
input image data so as to eliminate a difference in the measured color components ratios of the external illumination. 

20 [0019] The present invention as described in claim 15, is the image display unit according to claim 11 or 13, wherein 
the amount of the offset is determined by subtracting each color component from an average of color components. 
[0020] The present invention as described in claim 16, is the image display unit according to claim 11, 13 or 15, 
wherein the amount of the offset is adjustable. 

[0021] The present invention as described in claim 1 7, is the image display unit according to any one of claims 11 
25 to 16, wherein the correction curve is subjected to a rounding process. 

[0022] The present invention as described in claim 1 8, is the image display unit according to claim 1 7, wherein the 
degree of the rounding process is adjustable. 

[0023] According to the present invention as described in claim 19, the image display unit according to any one of 
claim 13 to 18, includes a selection unit of selecting one correction curve from a plurality of generated correction curves 
30 on the basis of color components ratios of the predetermined external illumination, and wherein an image processing 
is performed for input image data on the basis of the selected correction curve. 

[0024] According to the present invention as described in claim 20, the image display unit according to claim 19, 

further includes a unit of inputting color components ratios of the external illumination in the selection unit. 

[0025] According to the present invention as described in claim 21 , the image display unit according to claim 19, 

35 further includes a unit of measuring color components ratios of the external illumination in the selection unit. 

[0026] The present invention as described in claim 22, is a computer-readable medium having a program of instruc- 
tions for execution by the computer to perform an image processing for image data inputted to an image display unit, 
wherein the inputted image data is corrected by using a correction curve which eliminates a difference in color com- 
ponents ratios of a predetermined external illumination, and wherein the difference in color components ratios of the 

40 predetermined external illumination is eliminated by offsetting the difference. 

[0027] According to the present invention as described in claim 23, the computer-readable medium according to 
claim 22, uses a plurality of correction curves for each of plural external illuminations different in color components 
ratios. 

[0028] The present invention as described in claim 24, is the computer-readable medium according to claim 22 or 
45 23, wherein the amount of the offset is determined by subtracting each color component from an average of color 
components. 

[0029] The present invention as described in claim 25, is the computer-readable medium according to any one of 
claims 22 to 24, wherein the amount of the offset is adjustable. 

[0030] The present invention as described in claim 26, is the computer-readable medium according to any one of 
50 claims 22 to 25, wherein the correction curve is subjected to a rounding process. 

[0031] The present invention as described in claim 27, is the computer-readable medium according to claim 26, 
wherein the degree of the rounding process is adjustable. 

[0032] The present invention as described in claim 28, is the computer-readable medium according to any one of 
claim 23 to 27, including a selection processing of selecting one correction curve from a plurality of generated correction 
55 curves on the basis of color components ratios of the predetermined external illumination, and wherein an image 
processing is performed for input image data on the basis of the selected correction curve. 

[0033] According to the present invention as described in claim 29, the computer-readable medium according to 
claim 28, further includes a processing of inputting color components ratios of the external illumination in the selection 
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processing. 

[0034] According to the present invention as described in claim 30, the computer-readable medium according to 
claim 28, further includes a processing of measuring color components ratios of the external illumination in the selection 
processing. 

5 [0035] The present invention as described in claim 31 , is a computerreadable medium storing a correction curve for 
performing an image processing for image data inputted to an image display unit, wherein the inputted image data is 
corrected by using a correction curve which eliminates a difference in color components ratios of a predetermined 
external illumination, and wherein the difference in color components ratios of the predetermined external illumination 
is eliminated by offsetting the difference. 

io [0036] According to the present invention as described in claim 32, the computer-readable medium according to 
claim 31 , uses a plurality of correction curves for each of plural external illuminations different in color components 
ratios. 

[0037] The present invention as described in claim 33, is the computer-readable medium according to claim 31 or 
32, wherein the amount of the offset is determined by subtracting each color component from an average of color 
15 components. 

[0038] The present invention as described in claim 34, is the computer-readable medium according to any one of 
claims 31 to 33, wherein the amount of the offset is adjustable. 

[0039] The present invention as described in claim 35, is the computer-readable medium according to any one of 
claims 31 to 34, wherein the correction curve is subjected to a rounding process. 
20 [0040] The present invention as described in claim 36, is the computer-readable medium according to claim 35, 
wherein the degree of the rounding process is adjustable. 

Brief Description of the Drawings 

25 [0041] 

Fig. 1 is a schematic explanatory diagram of a system using a projector 20 according to an embodiment of the 
present invention; 

Fig. 2 is a functional block diagram of an image processor 1 00 used in the projector 20 of the first embodiment; 
30 Fig. 3 is a flow chart for explaining the operation of the image processor 1 00 in the projector 20 of the first embod- 

iment; 

Fig. 4 is a flow chart for explaining a color correction table generation/rewrite processing executed by a color 
correction table generator 1 50 in the projector 20 of the first embodiment; 

Fig. 5 is a flow chart for explaining a correction curve calculation processing executed by the color correction table 
35 generator 1 50 in the projector 20 of the first embodiment; 

Fig. 6 is a diagram for explaining the principle of correction curve; 

Fig. 7 is a graph showing a projector output after correction; 

Fig. 8 is a graph showing a correction curve before a rounding process; 

Fig. 9 is a diagram for explaining a correction curve rounding process; 
40 Fig. 10 is a graph showing a correction curve after the rounding process; 

Fig. 11 is a functional block diagram of an image processor 100 used in a projector 20 according to the second 

embodiment of the present invention; 

Fig. 12 is a flow chart for explaining the operation of the image processor 100 in the projector 20 of the second 
embodiment; 

45 Fig. 13 is a functional block diagram of an image processor 100 used in a projector 20 according to the third 

embodiment of the present invention; and 

Fig. 14 is a flow chart for explaining the operation of the image processor 100 in the projector 20 of the third 
embodiment. 

so Description of the preferred Embodiments 

[0042] Preferred embodiments of the present invention will be described hereinunder with reference to the drawings. 

First Embodiment 

55 

System Configuration 

[0043] Fig. 1 is a schematic explanatory diagram of a system using a projector 20 used as an image display unit 
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according to an embodiment of the present invention. As examples of the image display unit according to the present 
invention there also are included a CRT and a liquid crystal display in addition to the projector. 
[0044] A predetermined image is projected from the projector 20 which is disposed substantially in front of a screen 
10. in this case, how an image in an image display area 12 looks different greatly in the presence of an external 
5 illumination 80 from a lighting device 50. For example, even in case of displaying the same white, the white may look 
somewhat yellowish, depending on the color of the external illumination 80. 

[0045] Fig. 2 is a functional block diagram of an image processor 1 00 installed in the projector 20 of the first embod- 
iment. 

[0046] The image processor 1 00 in the projector of the first embodiment is provided with an A/D converter 1 1 0 for 
10 converting an analog image input signal into a digital signal, a color corrector 120 which applies a one-dimensional 
color correction table to RGB image input signals to make a desired color correction, a D/A converter 1 30 for converting 
a digital signal to an analog signal, a LTV (light valve) drive unit 140 for actuating a liquid crystal light valve to make a 
projection display of image, a device characteristic storage memory 160 for the storage of a device (projector) char- 
acteristic, an optical sensor 170 for measuring light emitted from the projector and reflected by the screen and the 
15 external illumination reflected by the screen, and a color correction table generator 150 which generates a color cor- 
rection table taking the influence of external illumination into account on the basis of both the device characteristic 
stored in the device characteristic storage memory 1 60 and a colorimetric value provided from the optical sensor 1 70. 
[0047] In the projector according to the present invention, an analog image input signal fed from a personal computer 
for example is converted to a digital image signal by the A/D converter 1 1 0. Then, by the color corrector 1 20, a desired 
20 color correction is applied to the digital image signal thus resulting from the conversion with reference to the color 
correction table generated by the color correction table generator 150 and taking the influence of external illumination 
into account. The color-corrected digital image signal is then converted to an analog signal by the D/A converter 130. 
On the basis of the analog signal thus resulting from the conversion, the LA/ drive unit 140 actuates a liquid crystal 
light valve to make a projection display of image. 

25 

Operation of the image processor 100 

[0048] Next, the operation of the image processor 1 00 in the projector 20 of the first embodiment will be described 
below with reference to Fig. 3. Such a processing as a color correction table generation/rewrite processing by the 
image processor 100, which will be described below, is performed by executing an image processing program stored 
in a program storage unit (not shown) in the projector 20. The program storage unit constitutes a medium which stores 
the image processing program. The image processing program itself is included in the scope of the present invention. 
[0049] First, when the use of the projector 20 according to the present invention is started, a color correction table 
generation/rewrite processing is performed by the color correction table generator 150 (step 204). As to the color 
correction table generation/rewrite processing, it will be described below in detail with reference to Fig. 4. 
[0050] After the color correction table generation/rewizte processing, there is made image display with reference to 
the rewritten color correction table and on the basis of the image signal which has been color-corrected by the color 
corrector 120 (step 206). If the image display is not terminated (step 208, No) and if a certain time has not elapsed 
after the end of the last-time color correction table generation/rewrite processing (step 210, No), the state of image 
display in step 206 continues. On the other hand, if the image display is not terminated (step 208, No) and if a certain 
time has elapsed from the end of the last-time color correction table generation/rewrite processing (step 21 0, Yes), the 
color correction table generation/rewrite processing is again performed taking into account the case where the color 
of external illumination changes with the lapse of time (step 204) and there is made image display (step 206). According 
to the present invention, since the color correction table is rewritten at every certain time taking a change of color into 
account, an appropriate color reproduction is ensured even if the color of external illumination changes. 
[0051 ] If the image display is terminated, for example by turning OFF a power supply of the projector (step 208, Yes), 
the processing is ended. 

Color Correction Table Generation/Rewrite Processing 

50 

[0052] Next, with reference to Fig. 4, the following description is provided about the col or correction table generation/ 
rewrite processing (the processing of step 204 in Fig. 3) which is performed by the color correction table generator 
150 in the projector 20 of the first embodiment. 

[0053] In the color correction table generation/rewrite processing, R (red), G (green), B (blue), and bk (black) are 
55 outputted beforehand from the projector (image display unit) 20 in a dark surround, then XYZ values of reflected lights 
obtained by reflection of those color outputs from the screen are measured with an optical sensor 1 70 for example and 
are stored in the device characteristic storage memory 160. 

[0054] In the absence of output from the projector 20, XYZ values of reflected light of the external illumination from 
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the screen 1 0 are measured (step 222). 

[0055] Next, a correction curve calculation processing is performed (step 226). As to the correction curve calculation 
processing, it will be described below in detail with reference to Fig. 5. On the basis of a calculated correction curve 
there is generated a new one-dimensional color correction curve. Then, the one-dimensional color correction table 
5 which is referenced to by the color corrector 120 is rewritten by the newly generated one-dimensional color correction 
table (step 228) and the processing flow returns to step 206. 

Correction Curve Calculation Processing 

w [0056] Next, with reference to Fig. 5, a description will be given about the correction curve calculation processing 
(the processing of step 226 in Fig. 4) which is performed by the color correction curve generator 1 50 in the projector 
20 of this embodiment. A correction curve is determined in the following manner on the basis of the XYZ values of 
screen-reflected lights of R (red), G (green), B (blue), and bk (black) outputs from the projector stored in the device 
characteristic storage memory 160 and also on the basis of the measured values obtained in step 222 in Fig. 4. 

15 [0057] In the correction curve calculation processing, first the XYZ values of the external illumination obtained in 
step 222 are transformed into RGB values of the projector (step 230). In this embodiment, for representing the color 
of the external illumination in terms of RGB values, a matrix M for the transformation between the projector RGB values 
and XYZ values is determined from the XYZ values of the colors of the projector stored in the device characteristic 
storage memory 1 60. The matrix M and transformation expressions are as follows: 

20 
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In the above expressions, Xc, Yc, and Zc (c = R, G, B, bk) represent XYZ values of the colors R, G, B, and bk in the 
projector, D R , D G , and D B represent normalized values obtained by standardizing digital input values (0 - 255) of RGB 
into the range from 0 to 1 , and y represents a tone curve characteristic of the projector. As the value of 7, it is suitable 
45 to actually measure tone curve characteristic values of the projector and use a mean value thereof. In this embodiment, 
y is set at 2.2 as an example. 

[0058] If XYZ values of illumination are assumed to be Xi, Yi, and Zi, RGB values, r h g |( and b { in case of representing 
the illumination color as a mixed color of RGB in the projector are as follows: 
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[0059] Next, a correction curve is calculated using r h g h and b| (step 234). Reproduction of a completely equal color 
is realized by substracting rj, g jt and b, obtained in the expression (4) as offset from the RGB outputs in the projector. 
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But this method is not a practical method because the projector gradation collapses largely. 

[0060] In view of the above point, in this embodiment there is adopted such a method as shown in Fig. 6 in which 
differences Ar, Ag, and Ab from a means value of r h g h and bj are subtracted as offset. 

[0061 ] In this way it is colorimetrically possible to correct the influence of the illumination color, but in case of adjusting 
5 the amount of correction while taking into account the adaptability of the human eyes and the effect of contrast, the 
values of Ar, Ag, and Ab are multiplied by a (0<a<1). If 100% (a = 1) correction is applied to the illumination color 
obtained by measurement, there is made a proper correction colorimetrically, but an unnatural image reproduction may 
result due to an overcorrection. The amount of correction is adjusted for eliminating this phenomenon. It is necessary 
that the amount of correction a be adjusted while making image evaluation actually in each environment. As the value 
10 of a, a value in the range of 0.2 to 0.5 is preferable. 

[0062] The above processing is represented by the following expressions, provided only expressions of R will be 
given for the simplification of explanation. 



, 5 r" (D R ) = r(D R ) - aAr 

r(D R ) = D R * 

20 

Ar= rj - (rj + gj + bj)/3 

In the above expressions, r(D R ) represents an output luminance before correction of R in the projector relative to an 
input value D R and f (D R ) represents an output luminance after correction. 
25 [0063] As a result, given that an input value before correction is D R in and an input value after correction is D R out, a 
correction curve is represented as follows: 

r(D R out)=r' (D R in) (6) 

30 

E>ROut = 0 <r' (DRin) = 0) — (7) 

35 =(DRin r ~aAr) 1/r (0<r 5 (Diun)<l) ••• (8) 

= 1 <r' (DRia)=l) — (9) 



[0064] A graph of f (D R ), g' (D G ), and b' (D B ), as well as an example of correction curve (D R out, D G out, D B out), are 
shown in Figs. 7 and 8, respectively. 

[0065] Next, a correction curve rounding process is executed (step 236). 

[0066] The correction curve thus obtained may undergo a gradation collapse in the vicinity of a low gray scale region 
as shown in Fig. 8. Therefore, an excessive gradation collapse is prevented by rounding the correction curve. 

1) Rounding process for decreasing the amount of correction 

[0067] First, the amount of correction, AD = Dout-Din is decreased as follows so that there no longer is any Dout- 
change-free gradation: 

AD AD- (AD)* (Dout > Din) 
AD -> AD +(AD)* (Dout < Din) 

With this transformation, the larger the amount of correction, the larger the decrease in the amount of correction, 
resulting in that the correction curve is rounded. In the above expression (10), p is a parameter indicating the intensity 
of the rounding process, and with p = 1 , the rounding process is not performed, while with P = <», Dout = Din. A suitable 
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value of p is about 1 .5. In (1 ) of Fig. 9 there is shown a relation between Dout and Din in case of performing the rounding 
process for decreasing the amount of correction. 

2) Rounding process by averaging in neighborhood 

5 

[0068] In the correction curve shown in (1) of Fig. 9 there remains a sharp corner, so a neighborhood mean is cal- 
culated at each of various points. More specifically, calculation is made on the assumption that there are 33 points of 
gradation data (Din x 255 = 0, 8, 1 6, 255) and a means is taken of a total of five points which are each point plus 
two points on the front side and two points on the rear side of each point. By executing these processings there can 
10 be generated a correction curve free of any gray scale with Dout remaining at 0 or 1 . 

[0069] In the above correction curve calculation it is necessary to use four parameters which are y of the projector, 
reference point Do, correction quantity a, and rounding process parameter p. By adjusting these values, various cor- 
rection curves can be generated even by the same calculation method. 

15 Second Embodiment 

[0070] Fig. 11 is afunctional block diagram of an image processor 100 installed in a projector 20 according to the 
second embodiment of the present invention, in which the same components as in the first embodiment are identified 
by the same reference numerals as in the first embodiment. 

20 [0071 ] The image processor 1 00 in the projector of this second embodiment, like the first embodiment, is also pro- 
vided with an A/D converter 110 for converting an analog image input signal into a digital signal, a color corrector 120 
which applies a one-dimensional color correction table to RGB image input signals to make a desired color correction, 
a D/A converter 130 for converting a digital signal into an analog signal, and a LA/ (light valve) drive unit 140 for 
actuating a liquid crystal light valve to make a projection display of image. 

25 [0072] The image processor 1 00 in the projector of this second embodiment is further provided with a color correction 
table storage unit 1 90 for the storage of color correction tables generated for plural types of external illuminations and 
a color correction table selector 180 for selecting a suitable color correction table from among the color correction 
tables stored in the color correction table storage unit 190. 

[0073] In the projector of this second embodiment, like the first embodiment, color correction tables generated are 
30 stored beforehand in the color correction table storage unit 190, and at the time of actually displaying an image, the 
color correction table selector 180 selects an appropriate color correction table in accordance with a colorimetric value 
provided from the optical sensor. On the basis of the color correction table thus selected, the color corrector 1 20 applies 
a desired color correction which takes the influence of external illumination into account to a digital image input signal. 
The thus color-corrected digital image input signal is converted to an analog signal by the D/A converter 130, and in 
35 accordance with the analog signal thus obtained, the LA/ drive unit 140 actuates a liquid crystal light valve to make a 
projection display of image. 

Color Correction Table Generation/Storage Processing 

40 [0074] In the projector 20 of this second embodiment there is performed a correction curve calculation processing 
beforehand for plural types of externa! illuminations in the same way as in the first embodiment and a one-dimensional 
color correction table is generated on the basis of the thus-calculated correction curves. The one-dimensional color 
correction table thus generated and XYZ values of reflected lights obtained by the reflection of the external illuminations 
from the screen 10 are stored beforehand in the color correction table storage unit 190. 

45 

Operation of the Image Processor 1 00 

[0075] Next, with reference to Fig. 12, the following description is provided about the operation of the image processor 
100 installed in the projector of this second embodiment. The processing by the image processor 100, which will be 

50 described below, is carried out by executing an image processing program stored in a program storage unit (not shown) 
of the projector as in the first embodiment. The program storage unit constitutes a medium which stores the image 
processing program. Further, the image processing program itself is also included in the scope of the present invention. 
[0076] First, when the use of the projector 20 is started, XYZ values of reflected light of an external illumination 
reflected from the screen 1 0 are measured by the optical sensor 170 (step 302). 

55 [0077] Next, the color correction table selector 180 refers to the XYZ values of reflected lights stored in the color 
correction table storage unit 190, then selects from the color correction table storage unit 1 90 a corresponding color 
correction table generated for XYZ values closest to the XYZ values measured by the optical sensor 1 70 and informs 
the color corrector 1 20 of the corresponding color correction table. The color corrector 1 20 reads out the corresponding 
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color correction table from the color correction table storage unit 1 90 and makes rewrite into the corresponding color 
correction table (step 304). 

[0078] After the color correction table select/rewrite processing, there is made image display with reference to the 
rewritten color correction table and in accordance with the image signal color-corrected by the color corrector 120 (step 

5 306). In this case, if the image display is not terminated (step 308, No) and if a certain time has not elapsed from the 
end of the last-time color correction table select/rewrite processing (step 310, No), the state of image display in step 
306 continues. On the other hand, if the image display is not terminated (step 308, No) and if a certain time has elapsed 
from the end of the last-time color correction table select/rewrite processing (step 31 0, Yes), the XYZ value measure- 
ment for external illumination (step 302) and the color correction table select/rewrite processing (step 304) are per- 

10 formed taking into account the case where the color of external illumination changes with the lapse of time, and there 
is made image display (step 306). According to the present invention, since the color correction table is rewritten at 
every certain time while taking the change in brightness of external illumination into account, an appropriate color 
reproduction is ensured even if the color of external illumination changes. 

[0079] In the case where the image display is terminated, for example by turning OFF a power supply of the projector 
is (step 308, Yes), the processing is ended. 

Third Embodiment 

[0080] Fig. 13 is a functional block diagram of an image processor 100 installed in a projector 20 according to the 
20 third embodiment of the present invention, in which the same components as in the first and second embodiments are 
identified by the same reference numerals as in those previous embodiments. 

[0081 ] The image processor 1 00 in the projector of this third embodiment, like the first and second embodiments, is 
also provided with an A/D converter 1 1 0 for converting an analog image input signal to a digital signal, a color corrector 
1 20 for applying a one-dimensional color correction table to RGB image input signals to make a desired color correction, 
25 a D/A converter 1 30 for converting a digital signal to an analog signal, and a LA/ (light valve) drive unit 1 40 for actuating 
a liquid crystal light valve to make a projection display of image. 

[0082] The image processor 100 in the projector of this third embodiment is further provided with a color correction 
table storage unit 1 90 for the storage of color correction tables generated for plural types of external illuminations and 
a color correction table selector 180 for selecting a suitable color correction table from among the color correction 

30 tables stored in the color correction table storage unit 1 90. 

[0083] The image processor 1 00 in the projector of this third embodiment is different from the image processor used 
in the second embodiment in that (1) it is further provided with a luminance input means 200 for inputting a luminance 
value of external illumination and (2) the color correction table selector 180 selects a suitable color correction table 
from among the color correction tables stored in the color correction table storage unit 1 90 on the basis of XYZ values 

35 inputted from the luminance input means 200. 

[0084] As to the color correction table generation/storage processing, it is the same as in the second embodiment, 
so an explanation thereof will here be omitted. 

Operation of the Image Processor 1 00 

40 

[0085] Next, with reference to Fig. 1 4, a description will be given below about the operation of the image processor 
100 in the projector 20 of this third embodiment. 

[0086] The following processing by the image processor 1 00 is carried out by executing an image processing program 
stored in a program storage unit (not shown) in the projector 20 as in the first and second embodiments. The program 
45 storage unit constitutes a medium which stores the image processing program. The image processing program itself 
is included in the scope of the present invention. 

[0087] The operation of the image processor 1 00 in the projector 20 of this third embodiment is basically the same 
as in the second embodiment. 

[0088] In the previous second embodiment, in step 302, XYZ values of reflected light of the exterior illumination from 
50 the screen 1 0 are measured at every certain time by the optical sensor 1 70 and the color correction table selector 1 80 
selects from the color correction table storage unit 1 90 a corresponding color correction table generated for XYZ values 
closest to the measured XYZ values. 

[0089] This third embodiment is different from such second embodiment in that, in step 402, XYZ values of reflected 
light of the external illumination from the screen 10 are inputted by the luminance input means 200 and the color 
55 correction table selector 1 80 refers to the XYZ values of reflected lights stored in the color correction table storage unit 
1 90 and selects from the color correction table storage unit 1 90 a corresponding color correction table generated for 
XYZ values closest to the inputted XYZ values. 

[0090] When XYZ values of reflected light of the external illumination from the screen 1 0 are inputted by the luminance 
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input means 200 (step 402, Yes), the color correction table selector 180 informs the color corrector 120 of a corre- 
sponding color correction table. The color corrector 120 reads out the corresponding color correction table from the 
color correction table storage unit 190 and makes rewrite into the corresponding color correction table (step 404). 
Then, the display of image is performed with reference to the rewritten color correction table and on the basis of an 
5 image signal color-corrected by the color corrector 120 (step 406). 

[0091] On the other hand, in the case where XYZ values of reflected light of the external illumination from the screen 
1 0 are not inputted by the luminance input means 200 (step 402, No), the display of image is performed without rewrite 
of the color correction table (step 406). 

[0092] The above steps 402 - 406 are repeated until the image display is terminated, for example by turning OFF a 
10 power supply of the projector (step 408). 



Claims 



is 1 . A method for generating a correction curve for correcting image data inputted to an image display unit, comprising: 

a measuring step of measuring color components ratios of a predetermined external illumination; and 

a correction curve generating step of generating a correction curve which corrects input image data so as to 

eliminate a difference in the measured color components ratios of the external illumination, 

20 

wherein the difference in color components ratios of the predetermined external illumination is eliminated by 
offsetting said difference. 

2. An image processing method for image data inputted to an image display unit, wherein the inputted image data is 
25 corrected by using a correction curve which eliminates a difference in color components ratios of a predetermined 

external illumination, and wherein the difference in color components ratios of the predetermined external illumi- 
nation is eliminated by offsetting said difference. 

3. The image processing method according to claim 2, using a plurality of correction curves for each of plural external 
30 illuminations different in color components ratios. 

4. The image processing method according to claim 2 or 3, wherein the amount of said offset is determined by sub- 
tracting each color component from an average of color components. 

35 5. The image processing method according to any one of claims 2 to 4, wherein the amount of said offset is adjustable. 

6. The image processing method according to any one of claims 2 to 5, wherein the correction curve is subjected to 
a rounding process. 

40 7. The image processing method according to claim 6, wherein the degree of said rounding process is adjustable. 

8. The image processing method according to any one of claim 3 to 7, including a selection step of selecting one 
correction curve from a plurality of generated correction curves on the basis of color components ratios of the 
predetermined external illumination, and wherein an image processing is performed for input image data on the 

45 basis of the selected correction curve. 

9. The image processing method according to claim 8, further including a step of inputting color components ratios 
of the external illumination in said selection step. 

50 10. The image processing method according to claim 8, further including a step of measuring color components ratios 
of the external illumination in said selection step. 

11. An image display unit for performing an processing for an inputted image data, wherein the inputted image data 
is corrected by using a correction curve which eliminates a difference in color components ratios of a predetermined 

55 external illumination, and wherein the difference in color components ratios of the predetermined external illumi- 

nation is eliminated by offsetting said difference. 

12. An image display unit for performing an image processing for an inputted image data, wherein the image display 
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unit performs the image processing for the inputted data based on a correction curve, which is sequentially gen- 
erated by sequentially repeating a method for generating the correction curve comprising: 

a measuring step of measuring color components ratios of a predetermined external illumination; and 
a correction curve generating step of generating a correction curve which corrects input image data so as to 
eliminate a difference in the measured color components ratios of the external illumination. 

13. The image display unit according to claim 11, using a plurality of correction curves for each of plural external 
illuminations different in color components ratios. 

1 4. An image display unit for performing an image processing for an inputted image data, comprising a storage means 
for storing a plurality of correction curves, which are generated by repeating a method for generating the correction 
curve, with respect to each of plural external illuminations different in color components ratios, comprising: 

15 a measuring step of measuring color components ratios of a predetermined external illumination; and 

a correction curve generating step of generating a correction curve which corrects input image data so as to 
eliminate a difference in the measured color components ratios of the external illumination. 

15. The image display unit according to claim 11 or 1 3, wherein the amount of said offset is determined by subtracting 
20 each color component from an average of color components. 

16. The image display unit according to claim 11 , 13 or 15, wherein the amount of said offset is adjustable. 

17. The image display unit according to any one of claims 11 to 16, wherein the correction curve is subjected to a 
25 rounding process. 

18. The image display unit according to claim 17, wherein the degree of said rounding process is adjustable. 

19. The image display unit according to any one of claim 13 to 18, including a selection means of selecting one cor- 
30 rection curve from a plurality of generated correction curves on the basis of color components ratios of the prede- 
termined external illumination, and wherein an image processing is performed for input image data on the basis 
of the selected correction curve. 

20. The image display unit according to claim 19, further including a means of inputting color components ratios of 
35 the external illumination in said selection means. 

21. The image display unit according to claim 19, further including a means of measuring color components ratios of 
the external illumination in said selection means. 

40 22. A computer- read able medium having a program of instructions for execution by the computer to perform an image 
processing for image data inputted to an image display unit, wherein the inputted image data is corrected by using 
a correction curve which eliminates a difference in color components ratios of a predetermined external illumination, 
and wherein the difference in color components ratios of the predetermined external illumination is eliminated by 
offsetting said difference. 

45 

23. The computer-readable medium according to claim 22, using a plurality of correction curves for each of plural 
external illuminations different in color components ratios. 

24. The computer-readable medium according to claim 22 or 23, wherein the amount of said offset is determined by 
50 subtracting each color component from an average of color components. 

25. The computer-readable medium according to any one of claims 22 to 24, wherein the amount of said offset is 
adjustable. 

55 26. The computer-readable medium according to any one of claims 22 to 25, wherein the correction curve is subjected 
to a rounding process. 

27. The computer-readable medium according to claim 26, wherein the degree of said rounding process is adjustable. 
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28. The computer-readable medium according to any one of claim 23 to 27, including a selection processing of selecting 
one correction curve from a plurality of generated correction curves on the basis of color components ratios of the 
predetermined external illumination, and wherein an image processing is performed for input image data on the 
basis of the selected correction curve. 

29. The computer-readable medium according to claim 28, further including a processing of inputting color components 
ratios of the external illumination in said selection processing. 

30. The computer-readable medium according to claim 28, further including a processing of measuring color compo- 
nents ratios of the external illumination in said selection processing. 

31 . A computer-readable medium storing a correction curve for performing an image processing for image data inputted 
to an image display unit, wherein the inputted image data is corrected by using a correction curve which eliminates 
a difference in color components ratios of a predetermined external illumination, and wherein the difference in 
color components ratios of the predetermined external illumination is eliminated by offsetting said difference. 

32. The computer- readable medium according to claim 31, using a plurality of correction curves for each of plural 
external illuminations different in color components ratios. 

33. The computer-readable medium according to claim 31 or 32, wherein the amount of said offset is determined by 
subtracting each color component from an average of color components. 

34. The computer-readable medium according to any one of claims 31 to 33, wherein the amount of said offset is 
adjustable. 

35. The computer-readable medium according to any one of claims 31 to 34, wherein the correction curve is subjected 
to a rounding process. 

36. The computer-readable medium according to claim 35, wherein the degree of said rounding process is adjustable. 



12 



EP1 189 457 A2 




Fig. 1 



13 



EP 1 189 457 A2 



CD 

.3 



u 
o 



o 

2 



o 

CO 



2 



-t2 

Q 






Converter 


> 





o 

CO 

21 



•2 Er 

s I 

§ I 

> CO 



10 




2 



CO 

•a 

u 
*43 

a* 
O 



a 



Fig- 2 



14 



EP1 189 457 A2 



Color Correction Table f\ 
Generation/Rewrite Processing 204 



Display Image 



206 





^ Ead J 



Fig. 3 



15 



EP1 189 457 A2 




Color Correction Table 
Generation/Rewrite Processing 



Measure XYZ Values of 
reflected Light of an External 
Illumination from the Screen 



V 



Correction Curve Calculation 
Processing 



Generate and Rewrite a Color 
Correction Table 



c 



V 



222 



226 



228 



Return to step 206 



Fig. 4 



16 



EP1 189 457 A2 



C Correction Curve 
Calculation Processing 

i. 

Transform XYZ Values into RGB Values 



Calculate a Correction Curve 



& 

Correction Curve Rounding Process 



^ Return to step 228 





Fig 



17 



EP1 189 457 A2 




18 



M 



EP1 189 457 A2 
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